To facilitate gene expression studies in pearl millet (Pennisetum glaucum (L.) R. Br.), the key reference genes including ACP, ACT, TUB, CYP, EF-1α, EIF4A, GAPDH, MDH, PP2C, UBC and S24 were selected based on the available literature, and their expression stabilities were studied to determine their suitability for normalizing gene expression in pearl millet. Sequence information of the reference genes were obtained from the closely related species and cloned from pearl millet using homology based cloning strategy. Further, expression stabilities were validated for their accurate expression in different tissues, genotypes and abiotic stress treatments using three statistical algorithms including geNorm, NormFinder and RefFinder. Analysis showed that while the expression of EF-1α and EIF4A was most stable in different plant tissues, MDH and EIF4A were stable under different abiotic stress conditions. Amongst the different genotypes of pearl millet tested, while UBC and MDH genes exhibited most stable expression, MDH and ACP showed greater stability in all samples set. Interestingly, the widely used reference genes S24 and TUB were found to be least stable across all the tested samples. Pair-wise analysis showed that two reference genes were sufficient for proper normalization, except when analyzing the gene expression studies in all samples set. Results of this study can help in the selection of reference genes for quantitative real time PCR (qRT-PCR) normalization in pearl millet that will contribute towards more accurate and reliable quantification of transcripts in this important crop of the drylands.
Introduction
Quantification of gene expression levels has been determined by techniques including Northern blotting, semi-quantitative RT-PCR, and quantitative real time PCR (qRT-PCR). However, qRT-PCR has gained more attention over the rest owing to its ability for real-time detection of PCR products, high sensitivity, specificity, rapidity, and accuracy (Valasek and Repa, 2005; Park et al., 2008) . Other advantages of qRT-PCR analysis include its ability to detect low-abundance transcripts (Guenin et al., 2009) , and their evaluation without physical verification through agarose gel electrophoresis, thereby resulting in reduced experiment time and increased throughput. Consequently, it is widely applied in a number of applications including biotechnology, microbiology, diagnosis (Bankowski and Anderson, 2004) , genetic detection (van Doorn et al., 2007) , allelic discrimination (Suda et al., 2003) , and analysis of genetically modified organisms (Brodmann et al., 2002; Holst-Jensen et al., 2003) . The qRT-PCR technology depends on two kinds of strategies i.e., absolute quantification and relative quantification. Absolute quantification can be achieved by comparing the quantitative cycle (Cq) values of the test samples to a standard curve, whereas relative quantification describes a real-time PCR experiment in which the gene of interest in one sample (i.e., treated) is compared to the same gene in another sample (i.e., untreated/control). Relative quantities obtained from both unknown sample and control must be normalized with reference genes in such a way that the data become biologically meaningful. Data normalization can be done through the use of an endogenous unregulated reference gene transcript (Czechowski et al., 2005) . The ideal reference gene should express stably across the developmental stages and variable experimental conditions (Bustin, 2002; Crismani et al., 2006) and follow the guidelines of Minimum Information for Publication of qRT-PCR Experiments (MIQE) (Bustin, 2010) .
Reference genes are typically constitutive genes that have housekeeping function required for the maintenance of basic cellular function, and are expressed stably in all cells of an organism under normal and adverse conditions (Villasenor et al., 2011) . Most frequently used reference genes in plant gene expression studies include ACT, GAPDH, TUB, UBQ and 18s, 25s rRNA (Czechowski et al., 2005; Jian et al., 2008; Cordoba et al., 2011) . If expression of the reference gene is altered by the experimental conditions, the results obtained may be incorrect and lead to misinterpretation (Dheda et al., 2005; Gutierrez et al., 2008) . Hence, the reference genes that have stable expression levels across tissues, developmental stages and conditions would represent the best system for normalization of the qRT-PCR data. Selection of such type of reference genes across the genotypes in the specific crop would be an extra advantage. Unfortunately, there are no universal reference gene(s) that are expressed at a constant level across species, experimental conditions and tissues (Czechowski et al., 2005; Die et al., 2010) . Therefore, the use of suitable reference genes for normalization is essential for performing the qRT-PCR experiments.
Over the years, several statistical approaches such as geNorm (Vandesompele et al., 2002) , NormFinder (Andersen et al., 2004) and Best-Keeper (Pfaffl et al., 2004) have been developed to assess the expression stability for an accurate selection of reference genes to validate gene expression. Extensive studies have been carried out to investigate the stability of reference genes in different abiotic stress conditions, tissues, and development stages of plant species such as Arabidopsis (Czechowski et al., 2005) , Oryza sativa (Jain et al., 2006) , Solanum lycopersicum (Exposito-Rodriguez et al., 2008) , Triticum aestivum (Long et al., 2010) , Zea mays (Manoli et al., 2012) , Brassica juncea (Chandna et al., 2012) , Arachis hypogaea (Reddy et al., 2013) , Glycine max (Nakayama et al., 2014) , Populus euphratica (Wang et al., 2014) , Brassica napus (Yang et al., 2014) , Pennisetum glaucum (Saha and Blumwald, 2014) and Panicum virgatum (Gimeno et al., 2014) . The present study evaluated the expression stability of the eleven candidate reference genes in a wide range of variability covered in the samples which includes three sets of samples. Hence, the identification of reference genes, expressing stably across the environmental conditions, would provide the baseline for further gene expression studies in a dryland crop like pearl millet where a major emphasis is on its crop improvement for various abiotic constraints and nutritional enhancement.
Pearl millet [P. glaucum (L.) R. Br.], an annual diploid crop belonging to the Poaceae, is the fifth most important cereal crop of semi-arid agricultural regions. It is a highly drought tolerant crop that can sustain at marginal land agro-ecosystems with higher temperature and low rainfall (200-600 mm) that is not suitable for other cereals. As pearl millet grows well in the semi-arid climates, there is high probability that it contains a large number of stress alleviating genes that provide stress adaptation to this crop. The limited amount of genome sequence information in pearl millet has restricted the progress in gene discovery, characterization, transcript profiling, and their application in crop improvement programs. Gene expression analysis by qRT-PCR in pearl millet is limited due to the lack of sequence information about genes, which can serve as suitable reference genes. In this study, we have cloned and evaluated eleven candidate reference genes from pearl millet including PP2C (Protein Phosphatase 2C), UBC (Ubiquitin-Conjugating Enzyme), MDH (Malate Dehydrogenase), TUB (β-Tubulin), GAPDH (Glyceraldeyde-3-Phosphate Dehydrogenase), EF-1α (Elongation Factor 1-alpha), EIF4A (Eukaryotic Initiation Factor 4A), ACT (β-Actin), ACP (Acyl Carrier Protein), CYP (Cyclophilin) and S24 (40S Ribosomal Protein) that were studied in a wide range of tissues. Expression stability was assayed in diverse samples of pearl millet to study their suitability as best stable reference genes using geNorm, NormFinder and RefFinder tools. This study provides useful guidelines and benefit for the suitable reference gene selection for future gene expression studies in pearl millet and other related species of millet.
Materials and methods

Plant material and treatments
Pearl millet cultivar HHB67 was obtained from the Pearl millet Breeding Unit of ICRISAT, India. Pearl millet plants were grown in 8 inch pots with 4.0 kg of alfisol mixed with sand and compost mixture (3:2:1; 20% water holding capacity) under greenhouse conditions with 28°C/20°C day/night temperature. Different abiotic stress treatments (drought, salt, ABA, cold and heat) were subjected to the plants at 28 DAS. Drought stress was imposed by withholding the water for 10 days followed by leaf sample collection, while the salinity stress was imposed by bringing the pots containing plants to field capacity with a 250 mM NaCl solution, followed by leaf sampling 24 h after treatment. For ABA treatment, the seedlings were sprayed with 100 μM ABA solution, while for cold and heat stress treatments, the seedlings were kept at 4°C and 45°C, respectively for 4 h prior to tissue sampling. The plants were grown under normal conditions at 28 ± 1°C, served as control. Different tissue samples including seedlings, leaf, panicle, seed and roots were collected under normal growth conditions at different growth stages. Five pearl millet cultivars including HHB67, H77, PRLT2/89-33, HRC1078 and HRC1086 were used for tissue sample collection under normal growth conditions. All experimental samples were divided into three subsets based on their nature. The organ and tissue subset comprised root, leaf, seedling, panicle and seed under normal growth conditions (five samples), the genotypes subset comprised five pearl millet cultivars including HHB67, H77, PRLT2/89-33, HRC1078 and HRC1086 (Five samples), and the abiotic stress subset comprised drought, salt, heat, low temperature and ABA stresses (Five samples). All samples set consist of all three subsets including different tissue, genotypes and abiotic stress subsets. Samples were collected from three different plants to provide as biological replicates. All the collected tissue samples were snap frozen in liquid nitrogen and stored at −80°C until further use.
Total RNA isolation
Total RNA was isolated using NucleoSpin RNA plant kit (MachereyNagel, Duren, Germany) according to the manufacturer's instructions. RNA concentrations and purity were determined using a NanoVue plus spectrophotometer (GE health care, USA). RNA integrity was verified by electrophoresis in 1.4% agarose gel. Total RNA isolated from different tissues were diluted to 100 ng/μl concentrations and used for the qRT-PCR experiments.
Sequence retrieving and cloning of the candidate reference genes
While the pearl millet genome sequence has not been yet released, the sequence information of the proposed reference genes was not readily available in databases like NCBI and EBI. Hence, the available EST database was used for retrieving of the sequences of PP2C, UBC, MDH, TUB, GAPDH, and EF-1α. Other genes including EIF4A, ACT, ACP, CYP and S24 were cloned using the homology based cloning method. Degenerate primers were designed based on the homologous genes of other closely related plant species (Supplementary Table 1 ). The cDNA was synthesized from 2 μg of total RNA using a SuperScript III first strand synthesis kit (Invitrogen, USA) and used as a template for the cloning of candidate reference genes using respective gene specific degenerate primers (Supplementary Table 1 ). PCR was carried out using 400 nM of each primer along with 200 μM of each dNTPs, 2U of Taq DNA polymerase and 2 μl of cDNA as template in a 50-μl reaction. PCR reaction conditions were as follows: 3 min denaturation at 94°C, followed by 30 cycles of a denaturation step at 94°C, annealing step at 59-63°C and an extension step at 72°C. Each step was 1 min long and the final extension step was at 72°C for 10 min. The PCR amplified fragments were cloned into the pCR4.0-TOPO vector (Invitrogen) according to the manufacturer's protocol and sequenced completely.
qRT-PCR primer designing
The qRT-PCR primers for eleven candidate genes were designed based on the available expressed sequence tags (EST) database and sequenced fragments (Table 1 ). The primers were designed using the Primer 3 Plus software (Untergasser et al., 2007) with the following parameters: product size of 90-170 base pairs, melting temperature (Tm) of 60-63°C, length of 19-24 nucleotides and GC content of 45-55%. In order to verify the specificity of the reference genes, all the amplicons of eleven candidate genes after qRT-PCR were sequenced. Amplification efficiencies for all the primer pairs were calculated using a two-fold dilution series of pooled cDNA over at least five dilution points and measured in triplicate. The amplification efficiency (E) and correlation coefficients (R 2 ) of the primers were calculated from the slope of the line (E = 10 −1/slope − 1).
Quantitative real-time PCR
All the qRT-PCR reactions were carried out on a Realplex (Eppendorf, Germany), in 96-well optical reaction plates. Reactions were performed in a total volume of 10 μl, containing 1 μl of RNA (100 ng), 400 nM of each primer, 5 μl of 2× one step SYBR RT-PCR buffer 4 (Takara, Japan) and 0.4 μl of prime script one step Enzyme Mix 2 (Takara, Japan) and made to 10 μl with RNase-free H 2 O. The qRT-PCR cycling conditions were as follows: 42°C for 5 min and 95°C for 10 s (reverse transcription) followed by 40 cycles of 15 s at 95°C, 15 s at 62°C with fluorescent signal recording and 15 s at 72°C. The melting curve analysis was included after 40 cycles to verify the primer specificity by heating from 58°C to 95°C with fluorescence measured within 20 min. All the samples were collected from the three independent plants and repeated the qRT-PCR experiment three times.
Data analysis
Expression levels of the eleven candidate reference genes were determined by threshold cycle (Cq) values which reflect the number of PCR cycles required for the amplification related fluorescent signal to cross a specific threshold line above the background level. The stability and suitability of eleven candidate reference genes were evaluated using three independent algorithms, i.e., geNorm (Vandesompele et al., 2002) NormFinder (Andersen et al., 2004) and RefFinder. Cq values were imported into the geNorm software program and the expression stability value (M) for each candidate gene was calculated and then the pair-wise variation (V) of this gene was compared with all other candidate reference genes. Larger stability value is considered to have less expression stability and smaller suggesting more stability. geNorm was used to calculate the pairwise variation (V n / V n + 1) for finding the optimal number of the genes required for the gene expression studies. The cut-off value for M is 0.15 (Vandesompele et al., 2002) . For the NormFinder, Cq values were converted into relative quantities after correcting the PCR efficiencies. NormFinder ranks the stability of the candidate reference genes independently from each other. According to NormFinder analysis, the lowest stability value is the most stable gene expression within the gene set studied. The RefFinder is a web-based (http://www.leonxie.com/referencegene. php) tool, which integrates the currently available four major computational programs [geNorm (Vandesompele et al., 2002) , NormFinder (Andersen et al., 2004) , BestKeeper (Pfaffl et al., 2004) and comparative ΔCt method (Silver et al., 2006) ] and calculates the geometric mean for the comprehensive ranking.
Results
Quality control
Total RNA samples isolated from the 45 tissues (including biological replicates) exhibited a high quality of RNA. The mean A260/280 ratio of the RNA samples was 2.01 ± 0.045 (range from 1.95 to 2.12) and reflected pure and protein-free RNA. To avoid erroneous results, only RNA samples with high quality were included in this study. The amplification efficiencies (E) and correlation coefficients (R 2 ) of the eleven candidate genes were generated using the slopes of the standard curves obtained by serial dilutions. The amplification efficiencies (E) of the reference genes ranged from 0.94 (ACP and EF-1α) to 1.01 (CYP). The correlation coefficient (R 2 ) values varied from 0.972 (CYP) to 0.998 (Table 1) . Specificity of the primers was confirmed by agarose gel electrophoresis and melt curve analysis ( Fig. 1a and b) . The melting temperatures of all amplification products are listed in Table 1 . These provided the good basis for the further analysis of validating reference genes.
Cloning of candidate reference genes and Cq variation
Eleven reference genes were selected for the present study, i.e., ACP, ACT, TUB, CYP, EF-1α, EIF4A, GAPDH, MDH, PP2C, UBC and S24. However, since, the sequences of ACT, ACP, CYP, EIF4A and S24 reference genes were not available, homology based gene-cloning approach was used for cloning of these genes. Therefore, we cloned and sequenced partial sequences of these five reference genes, which have been used as reference genes in other plant species. Detailed information about the candidate reference genes, including their GenBank accession number, description, and function were listed in the Table 1 . PCR and qRT-PCR amplifications were carried out with specific primers based on cDNA sequences of the eleven reference genes. The Cq value of each candidate reference gene in 45 different pearl millet samples was used to compare the range of expression levels. Cq value for the eleven candidates showed a wide range of variation, i.e., 14.74 (TUB) to 27.24 (S24) (Fig. 2) . Majority of the Cq values were ranged between 18.12 and 22.03. However, the average Cq value for the each candidate reference gene did not show much variance (18.26 for GAPDH to 24.56 for PP2C) (Supplementary Table 2 ). The coefficient of variation (CV) values calculated for each reference gene indicated; lower gene expression variation in MDH and ElF4A (CV: 3.06 and 3.75 respectively) when compared to the rest and TUB showed highest variation in expression (CV: 11.26) (Supplementary Table 2, Fig. 2 ). The remaining candidate reference genes occupied the intermediate positions. This result shows that none of the candidate reference genes had constant expression levels across the pearl millet samples. Therefore, there is a need to validate the expression stabilities of these candidate reference genes to normalize the gene expression studies under specific conditions for selecting the suitable stable reference gene.
Expression stability of the candidate reference genes by geNorm analysis
Expression stabilities of the eleven candidate reference genes were validated using geNorm software (Vandesompele et al., 2002) . According to this software, the gene with the lowest M value is considered as the most stable, while the M values N1.5 are considered as unacceptable levels of expression variability. To determine the suitable stable reference genes under specific experimental conditions, the 14 samples were divided into four different subsets as described in the Materials and methods section. In each sample set, the eleven reference genes were ranked from the most stable to the least stable (Fig. 3 , Table 2 ). Under different abiotic stress conditions all the eleven reference genes showed the high expression stabilities with the threshold value of below 1.5. PP2C (M = 0.71) was the least stable gene and MDH and EF-1α (M = 0.24) were identified as the best pair of reference genes. Fig. 3 . Gene expression stability and rankings of eleven candidate reference genes using geNorm software. The average expression stability (M) was calculated following stepwise exclusion of the least stable gene across all the samples within an experimental set, the lowest M value indicates the most stable gene, while the highest value represents the most variable gene.
Similarly, reference genes with different genotypes showed a lesser variation since all the M values were far below the acceptable limit, where S24 (M = 0.46) and GAPDH (0.27) was the least stable, while EIF4A and TUB (0.082) were the stably expressed genes. In a sample set of different tissues, geNorm identified EIF4A and ACT (M = 0.23) as the best-ranked candidate reference genes, whereas TUB was the least stable gene (M = 0.92). In the category of all samples set, MDH (0.43) and EIF4A (0.32) were identified as the best pair of reference genes and TUB and S24 (0.97 and 0.88) were considered as the least stable genes ( Fig. 3 and Table 2 ).
Optimal number of internal candidate genes for normalization
To generate accurate and reliable results, two or more genes are required for qRT-PCR experiment. Therefore, we used geNorm algorithm to find the optimal number of suitable reference genes required for proper normalization by step wise calculation of the pairwise variation (V n / V n + 1) between two sequential normalization factors (NFs), which measures the effect of increasing reference genes required for normalization. geNorm software uses 0.15 as the cutoff value below which the inclusion of an additional reference gene is not required (Vandesompele et al., 2002) . In our analysis, for the all the sample sets except the all sample set, V2 / 3 value was below 0.15 (the recommended cut-off value), which suggested that two reference genes would be sufficient for qRT-PCR analysis related experiments in pearl millet (Fig. 4) . This suggests that the optimal number of reference genes for normalization in the different category of pearl millet tissues was two and addition of the third reference gene showed no significant effect on normalization of gene expression (Fig. 4) . However, in all samples set, the pairwise variation V2 / 3 value was higher than 0.15 (0.184), which indicated that two reference genes were not sufficient for normalization, and hence it needs a third gene.
NormFinder analysis
NormFinder is another excel-based statistical algorithm for finding the suitable reference gene among a set of candidate references and experimental conditions. This approach ranks the set of reference genes according to their stability value under a given experimental design. The results of gene expression stability analysis are shown in Table 3 . The results shown with NormFinder was similar to the one obtained from geNorm to some extent (Table 2 ). In the case of all the experimental results and different tissue category subsets, ACP showed the lowest stability value (0.31) and TUB showed the highest stability value (1.3) ( Table 2 ). This meant that ACP was the best stably expressed gene under this category. In the genotype subset, MDH and UBC had the lowest stability values (0.067 and 0.082, respectively) while S24 showed the highest stability value (1.6). MDH and EF-1α (0.31 and 0.32) showed the lowest stability values, which suggested that these two genes were considered as the most stable genes under abiotic stress conditions. These results agreed with the results of geNorm (Fig. 3 and Table 2 ). Overall, NormFinder predicts that the reference genes ACP, MDH and GAPDH were the most stable genes in all sample set, whereas CYP, PP2C and S24 showed the least stable genes in the four groups, similar to the results obtained by geNorm analysis.
RefFinder analysis
The RefFinder analysis revealed that UBC and MDH were most stable genes in genotype samples subset; similarly EF-1α and EIF4A were ranked as top in different tissue sample subset. While, MDH and EIF4A genes were the most stable genes under abiotic stress conditions, whereas MDH and ACP were observed to be highly stable in all samples Table 2 Expression stability ranks of 11 candidate reference genes in different sets of pearl millet samples calculated using geNorm (GN) and NormFinder (NF) methods.
All samples
Abiotic stress Genotypes  Tissue   Gene  GN  NF  GN  NF  GN  NF  GN  NF   MDH  1  3  1  1  3  1  3  7  EIF4A  2  4  3  4  1  6  1  2  ACT  3  7  5  8  7  8  2  4  UBC  4  6  4  10  4  2  8  8  GAPDH  5  5  7  3  10  10  4  5  ACP  6  1  8  5  6  7  6  1  EF-1α  7  2  2  2  8  3  5  3  PP2C  8  8  11 11 5 5 7 6 CYP 9 9 9 7 9 9 9 9 S24 10 10 6 6 11 11 10 10 TUB 11 11 10 9 2 4 11 11 Fig. 4 . Determination of the optimal number of reference genes for geNorm analysis. The pairwise variation (V n / V n + 1) was analyzed for the normalization factors NFn and NFn + 1 by geNorm program to determine (V b 0.15) the optimal number of reference genes.
subset. The comprehensive ranking also revealed that the S24 gene was the least stable gene in all the sample subsets. Other candidate genes such as TUB in different samples and in all samples subsets; ACT in abiotic stress and CYC in genotypes sample subset were also found as the least stable genes in this analysis (Table 4 ).
Discussion
Gene expression patterns are important determinant for understanding the biological processes during developmental and environmental stresses. Several methods have been employed to determine gene expression levels. The most widely used technique is qRT-PCR, which is a potent, accurate, simple and sensitive tool for detecting gene expression levels. For the qRT-PCR analysis, selection of suitable internal controls is very important to obtain reliable, proper and accurate data. The ideal reference genes should have relatively stable expression, irrespective of the nature of the sample (Crismani et al., 2006) . Widely used reference genes such as ACT, TUB and EF-1α are used as internal controls regardless of their variance and instability in the expression levels under different experimental conditions (Cordoba et al., 2011) . Therefore, for accurate normalization, qRT-PCR data must be normalized with one or more suitable and stable reference genes. Hence, validation is extremely important for gene expression studies in pearl millet to avoid the unnecessary errors in qRT-PCR analysis. To evaluate the best set of candidate reference genes for different individual samples, tissues, genotypes and abiotic stress conditions in pearl millet, three statistical algorithms, geNorm, NormFinder and RefFinder were used for finding the expression stability of eleven candidate reference genes. Due to distinct statistical calculations, some inconsistency is expected between the two methods ( Table 3 ). The top four stable genes were almost similar in the two approaches of each sample subset, but some differences were found in their ranking order.
In the present study, we cloned and tested the expression stabilities of eleven commonly used reference genes, i.e., ACP, ACT, TUB, CYP, EF-1α, EIF4A, GAPDH, MDH, PP2C, UBC, and S24 that have been previously reported as the most stable candidate reference genes in different plant species. After determination of primer amplification efficiencies, eleven candidate transcripts were selected for evaluation of their normalization potential in diverse samples of pearl millet, which was broadly divided into four experimental subsets. In all sample subset, MDH, EIF4A and ACT were identified as the top three reference genes using geNorm, while MDH was ranked third, EIF4A was fourth and ACT was seventh using NormFinder. According to RefFinder, MDH and ACP were suggested as the most stable genes among the eleven reference genes under the category of the all sample subset. The MDH and EIF4A would be the best optimal reference gene pair for the gene expression study under different abiotic stresses. For the genotypes subset, the top three optimal reference genes were EIF4A, TUB and MDH as calculated by geNorm, whereas NormFinder identified MDH, UBC and EF-1α as the best set of reference genes. RefFinder suggested that UBC and MDH would be the best pair for the gene expression studies in the different genotypes of pearl millet (Table 4 ). In the case of different tissues subset, based on the RefFinder results, we can conclude that the EF-1α and EIF4A pair would be the best for gene expression study in the different tissues of pearl millet (Table 4 ). Among all the tested reference genes, S24 holds a specific attention that was ranked as the least stable gene in both algorithms geNorm and NormFinder. Therefore, the use of S24 as reference gene should be avoided in the qRT-PCR related experiments in pearl millet in the future. Previous study in pearl millet suggested that PP2A, TIP41 and UBC2 were most stable under diverse experimental conditions (Saha and Blumwald, 2014) , but in the present study we found the EIF4A and two new candidate reference genes, which were not validated in the previous study such as MDH and ACP, were found to be the most stable genes. Our results were well fitted with the studies in the Theobroma cacao, where MDH, GAPDH, and ACP were the most stable genes in various tissues (Pinheiro et al., 2011) .
Many studies have shown that the application of more than one reference gene would provide greater accuracy in the qRT-PCR experiments in the plants (Vandesompele et al., 2002; Le et al., 2012) . geNorm software determines the optimal number of candidate reference genes for normalization of gene expression data by calculating the pairwise variation between two sequential normalization factors containing an increased number of reference genes. In this study, three out of four experimental sets, except the all samples subset, showed pairwise variation V2/3 values below 0.15, which indicates that combination of two-reference gene was enough for the optimal normalization. This suggests that addition of the third candidate reference gene was necessary to normalize gene expression in all samples set of pearl millet.
In conclusion, our results suggested that different set of reference genes should be applied according to the experimental condition. MDH and ACP were the most stable in all the samples, MDH and EIF4A for abiotic stress subsets, UBC and MDH genes for the genotypes, and EF-1α and EIF4A for the different tissues subsets. Hence, these genes could be recommended as optimal reference genes in qRT-PCR analysisrelated experiments of pearl millet. Since S24, PP2C and TUB showed poor stabilities in all the experimental sample groups, they couldn't be used as reference genes for gene expression normalization. The present study provides useful guidelines for the selection of candidate reference genes for future gene expression studies in the pearl millet and other close relatives of the millets. Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.plgene.2015.02.001.
